Introduction
Asthma is a global concern affecting an estimated 300 million people worldwide. 1 Asthma accounts for approximately 15 million disability-adjusted life years lost each year and approximately 1 in every 250 deaths worldwide. 1 More affluent countries and those transitioning to a Westernized lifestyle bear a disproportionate burden of disease and the causes for these patterns in asthma prevalence and morbidity remain unknown. 1, 2 As the urban population grows with continued adoption of a Western lifestyle, an additional 100 million asthma diagnoses are anticipated by 2025. 1 Identification of modifiable risk factors for incident asthma and asthma morbidity are needed to support interventions aimed at decreasing the burden of this disease. The change in diet associated with Westernization and economic growth is a potential contributing factor to asthma burden. 3 Increased access to prepackaged, highly processed, "convenience" foods has been linked to multiple chronic diseases, including cancer 4, 5 and cardiovascular disease. 6, 7 These population-level dietary changes have occurred in parallel with the increasing burden of asthma. 8e10 This coincidence of epidemics has led to interest in the potential role of diet in asthma incidence, prevalence, and morbidity. A common approach to assessing diet has been to focus on single foods and nutrients. Individual "anti-inflammatory" and "antioxidant" vitamins have demonstrated some positive association with improved asthma or decreased wheeze in observational studies. approach lowers the likelihood that associations observed with single foods and nutrients are confounded by other foods or nutrients that are commonly consumed with the nutrients of interest. Furthermore, the effect of single nutrients or food items might be too small to detect, whereas the effect of a dietary pattern could be large enough to create an impact at the population level. 12 The evidence from dietary pattern studies also might be more easily translated to the general public because people eat a combination of foods rather than single foods or nutrients. Given associations between dietary patterns and other chronic diseases, it is important to consider dietary pattern analysis in the study of asthma.
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Research has focused on favorable dietary patterns, such as a "prudent" diet pattern, consisting of higher levels of fruits, vegetables, whole grains, poultry, and fish, and a "Mediterranean" diet pattern. The Mediterranean diet pattern can be defined as a variation of the prudent diet pattern that contains foods common to the Mediterranean, such as olive oil, legumes, fish, and wine in moderation. A countering question is whether an unfavorable diet pattern exists that increases the likelihood of developing asthma or worsens existing asthma. The authors reviewed the evidence as to whether a "Western" diet pattern, typified by a higher intake of processed foods (eg, meats and refined grains), high-fat dairy products, and sugary desserts and drinks, is associated with asthma incidence, prevalence, and symptoms or morbidity in adult populations.
Methods

Data Sources
The PubMed, Cochrane, Web of Science, and Scopus databases were searched for studies published in English from January 1980 to April 2014 that contained data on the effects of a Western diet pattern, or fast foods or processed foods considered exemplary of a Western diet, on adult asthma. Searches used the following medical subject heading terms and/or text words: asthma or lung allergy and dietary fats, or fast foods, or Western diet, or refined grain, or processed food, or standard American diet, or Mediterranean diet, or dietary patterns, or high fat, and combined with diet.
Results
After screening retrieved citations and reviewing additional references from select bibliographies, 10 full-text studies were identified that met the search criteria (Table 1) .
17e26 All studies were observational and included cross-sectional, 19, 21, 22 crosssectional with a subset followed longitudinally, 20 prospective cohort, 18,23e26 and matched caseecontrol 17 studies. Sample sizes ranged from 153 to more than 70,000 participants and studies were conducted in Asia, 22, 18 North America, 24 and Europe. 17,19e21,23,26 Exposure and Outcome Assessment of Included Studies Exposure (diet) and outcome (asthma incidence, prevalence, and symptoms or morbidity) assessment varied considerably among studies (Table 1) . Most studies (8 of 10) used food frequency questionnaires (FFQs) or questions abstracted from an FFQ and principal components analysis with or without factor analysis dietary pattern analyses. 17e20,22,24e26 Two studies evaluated prepackaged and fast food intake rather than dietary patterns using simple, short questionnaires regarding frequency of food consumption and reported results based on these frequencies. 21, 23 One study combined approaches, completing an evaluation of fast food individually and dietary pattern. 22 Asthma diagnosis and/or symptoms were almost exclusively defined by self-report 17e19,21e26 and were confirmed with medication usage in the majority. 17e19,21e25,26 Although all studies adjusted for age, sex, and smoking, other confounders of interest (body mass index, socioeconomic status, physical activity level)
were variably examined. The heterogeneity in the study methods, particularly related to dietary assessment, precluded a quantitative analysis integrating study findings but allowed for a qualitative assessment. All 10 of the included studies evaluated the outcome of incident or prevalent asthma, whereas only 5 of the studies 17, 19, 20, 22, 26 examined the link between a Western diet pattern and asthma symptoms or morbidity.
Western Diet and Incident or Prevalent Asthma
Nine of the 10 studies showed no association between a Western diet and asthma incidence or prevalence. 17e19,20,22e26 Despite the presence of large cohorts (representing >70,000 persons) in the retrieved results, only 1 study (N ¼ 717) in Albania reported a significant association between the intake of processed foods at least once a week, consistent with a Western diet, and asthma symptoms thought to be indicative of the presence of asthma (odds ratio [OR] 1.6e1.8, P < .05). 21 The definition of asthma was based on symptoms or reported prior diagnosis and prescribed medication with or without atopy, determined by a positive skin test result. A limitation of this study was that certain known potential confounders, including body mass index and socioeconomic status, were not addressed in the analysis. 21 Notably, adjustment for confounders varied considerably among the included studies ( Table 1) . Two of the largest studies were prospective US cohorts that included adult-onset asthma as a secondary outcome (primary outcome was the incidence of chronic obstructive pulmonary disease). 24, 25 The 2 studies used FFQs and principal components analysis for the creation of Western and prudent diet patterns, although the study populations differed by age and sex, with women 30 to 55 years old included in one cohort and 24 and men 40
to 75 years old in the other. 25 Neither study reported an association between a Western dietary pattern and adult-onset asthma. The findings in the US studies that did not suggest an association between a Western dietary pattern and incident asthma are corroborated by the results of 2 studies in East Asia. 18, 22 The largest, a study of 52,325 Chinese Singaporeans, investigated exposure to a "meat-dim sum" dietary pattern that, although not entirely typical of a Western diet given the different ethnic ingredients, contained numerous commonalities with a Western dietary pattern. Findings demonstrated no significant association between adherence to a meat-dim sum diet and the incidence of asthma. 18 The second study consisted of 153 female university students in Japan (15.7% with asthma) and found no association between fast food intake, assessed as part of questions abstracted from a FFQ, and asthma prevalence. 22 Five European studies reported consistently negative results for the association of a Western diet with asthma. 17, 19, 20, 23, 26 A French cohort of 56,672 women (the E3N Study) were followed prospectively for 10 years and investigation showed 3 diet patterns: "Western," "prudent," and "nuts and wine." However, no association was found between a Western diet pattern and history of asthma, asthma prevalence, or asthma incidence. 26 A Swedish study of 8,150
adults also showed no association between fast food intake and asthma prevalence. 23 Similarly, a study of 12,648 adults in the Netherlands showed no association between a "refined-foods" diet and asthma prevalence (OR 1.1, 95% confidence interval [CI] 0.8e1.6). 20 In the United Kingdom, 5,999 asthma cases and 854 controls were assessed, 17 and a Western dietary pattern was not found to be associated with asthma. A European cohort of 1,174 adults showed no association between a "meat-and-potato" pattern (which the researchers noted is similar to a Western diet) and asthma prevalence. 19 Two additional large studies were identified that did not meet our a priori inclusion criteria (examination of Western diet pattern or fast foods/processed foods), but assessed dietary components commonly included in the Western dietary pattern. 27, 28 A study in Australia (n¼156,035) linked a meat/cheese factor in men and a meat factor in women with increased odds of prevalent asthma/hay fever. 28 A study in China (n¼1486) investigating intake of monosodium glutamate also assessed dietary patterns, though features of the Western diet were divided among two patterns, neither of which was associated with prevalent asthma. 28 
Western Diet and Asthma Morbidity
Five of the studies examined the association between a Western diet pattern and asthma morbidity, typically assessed with symptom outcomes. 17, 19, 20, 22, 26 Studies ranged from 153 to more than 50,000 participants and were conducted in Asia and Europe. Three of the 5 studies suggested an association between a Western diet pattern and asthma symptoms, 20,22,26 although 1 study found no association 17 and 1 study showed conflicting results. 19 Two of 4 European studies reported a positive association between a Western diet and asthma morbidity. 20, 26 The E3N Study in
France demonstrated an association between adherence to a Western diet pattern and increased risk of frequent asthma attacks (OR 1.79, 95% CI 1.11 to 3.73) in those not taking multivitamin supplements, but not in the entire cohort. 26 In a study of more than 12,000 adults in the Netherlands, higher quintiles of refined-food intake (similar to a Western diet pattern) demonstrated a nonsignificant trend toward increased prevalence of wheeze (P for trend ¼ .07). 20 In a subset (n ¼ 2,911), participants were followed longitudinally to evaluate the effect of diet on lung function over 5 years of follow-up. Interestingly, those in the highest quintile of refinedfood intake had increased lung function decline (forced expiratory volume in 1 second À48.5 mL, 95% CI À80.7 to À16.3) compared with the lowest quintile during the 5-year study period, approximating an additional loss of 10 mL in forced expiratory volume in 1 second annually. 20 Notably, those with a higher intake of the refined-food pattern in the full cohort tended to be current smokers, and the prevalence of current smokers was lower in the longitudinal subset than in the cross-sectional cohort. Although multivariable models adjusted for smoking, there remains a possibility of residual confounding. Two smaller European studies (n ¼ 1,000e2,000) were representative of multiple countries and reported negative or conflicting results. 17, 19 Hooper et al 19 found no association between the meat-and-potatoes diet pattern (similar to a Western diet according to the investigators) and asthma symptoms examined in the entire cohort (OR 1.07, 95% CI 0.84 to 1.36) or between diet pattern and forced expiratory volume in 1 second (coefficient À0.01, 95% CI À0.04 to 0.03) or bronchial hyperreactivity (coefficient À0.08, 95% CI À0.27 to 0.10). The study included participants in 3 European countries, and when the investigators stratified by site, increasing quintiles of meat-and-potato dietary intake emerged as a significant predictor of increased asthma symptoms in the United Kingdom (OR 1.34, 95% CI 1.09e1.67, P ¼ .007) and Norway (OR 1.24, 95% CI 1.00e1.55, P ¼ .051), but was protective in Germany (OR 0.81, 95% CI 0.68e0.97, P ¼ .025). The investigators concluded that regional variation could represent uncontrolled confounding among centers. Indeed, the exact composition of each dietary pattern varied among centers due in part to the use of country-specific FFQs. However, an additional study with more than 6,000 participants performed in the United Kingdom showed no relation between the Western diet pattern and asthma quality-of-life scores or nighttime awakening with asthma symptoms.
17
A Japanese study (n ¼ 153) by Takaoka analysis and factor analysis.
E.P. Brigham et al. / Ann Allergy Asthma Immunol xxx (2015) 1e8
university students who responded to a distributed questionnaire, which introduces the possibility of selection bias. Of those who responded, 15.7% reported a history of physician-diagnosed asthma and only 3.3% reported current asthma medication use. 22 The authors further investigated the association between diet and an asthma symptom score 29 based on the number of positive answers to 8 questions. Fast food intake was associated with worse asthma symptom scores (P < .05), and the fast food, juice, and soft drink diet pattern score showed a trend toward worse asthma symptom scores (P ¼ .06).
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Discussion
Results of the present literature review do not support an association asthma prevalence or incidence in adult populations but suggest a possible link between a Western diet and asthma morbidity in adults. There was substantial heterogeneity among studies in methodology, study size, and geographic region. Furthermore, as diet varies by study region, the exact composition of the Western diet pattern and its comparison also varies between studies. Although these issues create challenges in directly comparing studies and informing overall effect, the breadth of populations represented in these dietary pattern analyses is perhaps a strength of the literature. Furthermore, the use of dietary patterns could increase applicability of results within each geographic region of interest.
Mechanistic Rationale
There are several pathways by which a Western diet pattern could influence adult asthma. Because these pathways are not mutually exclusive, it is plausible that they could combine to create a multiplicative proinflammatory response in patients with asthma as proposed in those with other chronic diseases. 14 The Western diet pattern is rich in proinflammatory foods and poor in antioxidant foods, which could influence responses to environmental exposures. Omega-6 fatty acids, in excess in processed and fast food products found in the Western diet pattern, are converted into arachidonic acid, which is converted further into leukotrienes and prostaglandins (mediators of inflammation). 30 For example, prostaglandin E2 suppresses T-helper cell type 1 and promotes the T-helper cell type 2 phenotype, which is prominent in allergic asthma. 30 Furthermore, low levels of antioxidants can fail to prevent activation of nuclear factor-kB through elevated concentrations of reactive oxygen species, 31,32 thereby activating the innate immune response through cytokine release and destruction of cellular components such as DNA, proteins, and lipids. 33 These pathways plausibly could prime the lung for increased reactivity to environmental stimuli, characteristic of the asthmatic response. Furthermore, processed foods, prevalent in the Western diet, are high in preservatives and additives. Although there is inconclusive evidence as to whether salt contributes to all types of asthma, previous studies of allergic and exercise-induced asthma have suggested a trend toward improvement in lung function with low salt intake. 34, 35 Other processing chemicals can trigger asthma through proinflammatory reactions, such as non-azo dyes, sodium benzoate:parahydroxybenzoic acid, 36 and sulfur dioxide. 37 These compounds also can act as food allergens, 38 which may increase the respiratory morbidity of individuals with asthma. 39 An alternative pathway by which a Western diet might affect asthma is through the gut microbiome. Food affects the composition of bacteria in the gut, which in turn affects the processing of nutrients. 40, 41 Protection against allergic disease is dependent on the maintenance of immune tolerance, which is at least in part regulated by interactions between the gut microbiome and gut epithelial cells, antigen presenting cells, and regulatory T cells.
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For example, a recent study demonstrated a compelling link between soluble fiber intake, changes in the gut microbiome, and improvements in lung inflammation and airway hyperreactivity in a murine model. 47 The obesity epidemic has closely paralleled an increasing asthma prevalence and transition to a Western diet pattern and could represent a mediator on the pathway from diet to asthma. Adipose tissue is metabolically active and capable of releasing proinflammatory cytokines and adipokines, such as interleukin-6, tumor necrosis factor-a, and C-reactive protein. 48 Studies have demonstrated links between increased fat content and cytokine and adipokine expression (eg, tumor necrosis factor-a, IL-6, leptin) and increased asthma, although conflicting results have led to hypotheses that serum levels might not accurately represent biologic activity in the lungs. 49, 50 In addition, there is evidence that increases in body mass could be linked to increased airway hyperresponsiveness. 51 It is possible that increases in body mass mediate the effects of diet on asthma and therefore it is necessary to account for body composition in studies of diet. Notably, 3 of the 10 total studies 21, 22, 24 (although only 1 of 5 studies examining symptoms or morbidity 22 ) failed to control for an anthropometric measurement (Table 1) .
Alternative Approach: A "Healthy" Diet
Although this review has focused on the effects of a Western dietary pattern on asthma, in many of the studies discussed, a favorable dietary pattern served as a comparison group. 17e19,20,22,24e26 Evidence relating a healthier diet to improved asthma symptoms or morbidity is more robust and is supported by at least 2 completed prospective trials. A recent randomized controlled trial of the Mediterranean diet in 38 adults with symptomatic asthma showed promising improvements in quality of life and spirometry. 52 The investigators concluded that a larger study powered to detect clinical end points is necessary. Another trial found a decreased risk of asthma exacerbation with a high antioxidant diet, changes effected primarily through whole food intervention (fruit and vegetables intake). 53 An additional pilot study of the Dietary Approaches to Stop
Hypertension diet (high in fresh fruit, vegetables, nuts, and antioxidants) is being launched in an adult population to determine the effects on poorly controlled asthma. 54 Although these studies will provide information on the effects of healthy diets on asthma, they also will indirectly estimate effects of the absence of these foods in a Western diet.
Challenges of Dietary (Exposure) and Asthma (Outcome) Assessment
Measuring the complex exposure of diet is challenging. The assessment of diet in a small or large population requires proper tools. Diet information can be assessed retrospectively by recall of varying periods (during the past 3 days, week, or year) or prospectively by food diaries. Each has inherent flaws. Retrospective collection depends on the recollection of the participant, the training and experience of the interviewer, and the applicability of the questionnaire to the population in question. Prospective food diaries depend on the reliability, comprehension, and accuracy of the participant. Investigators must appropriately gauge their population to identify the most suitable method of data collection. After data are collected, the choice of an a priori (less specific to a population, more comparable across studies) versus an a posteriori (more specific to a population, less comparable across studies) approach significantly affects data presentation.
In addition, comparison of diet across countries is complicated by several issues. Potentially different compositions of food can retain the same label. For example, bread in Germany might be composed primarily of unprocessed rye, whereas bread in the United Kingdom might be composed primarily of refined wheat or white flour. Furthermore, unmeasured foods can be co-ingested with measured foods differentially by location. For example, sauerkraut is commonly consumed with meat dishes in Germany but not in the United Kingdom. Because the intake of fermented foods such as sauerkraut might be associated with decreased atopy, 55, 56 meat intake theoretically could appear falsely protective if sauerkraut intake is not recorded or accurately determined. This concern also highlights the importance of variation in food preparation techniques, because boiled cabbage could have different implications for asthma and atopy than fermented cabbage. These complexities could partly explain the differential effects of the meat-and-potato diet in Germany vs the United Kingdom on asthma morbidity noted by Hooper et al, 19 illustrating how regional differences in food composition and preparation can modify effect estimates. In addition, there are inherent difficulties in assessing aspects of the diet that are not food, such as supplements and nutraceuticals, which can contribute substantially to nutrient intake. Moreover, it is critical to use standardized and validated approaches to measuring asthma morbidity that will allow comparison of results between study populations and allow detection of meaningful differences.
Challenge of Temporality
The timing of dietary assessment in relation to asthma incidence and prevalence complicates the assessment of an association. It is unclear whether there is a lag between exposure and development of asthma, what that lag could be, and the best time to assess diet in relation to diagnosis. Although prior longitudinal studies performed in adult cohorts have demonstrated reasonable tracking of diet, 57 given the number of possible confounding factors in the dieteasthma relationship, it is possible that signal dilution occurs easily. This might be less of an issue with asthma symptoms and morbidity in those who already have the diagnosis, given the proposed proinflammatory consequences outlined earlier.
Conclusions
Although current evidence does not support a link between a Western diet and incident or prevalent asthma, some studies have suggested that a Western diet pattern could contribute to asthma symptoms in adults. The current evidence base assessing the association between a Western dietary pattern and asthma morbidity is limited. Future studies assessing relations between dietary patterns and asthma morbidity outcomes, such as symptoms, lung function, and health care use, are needed. Further, inclusion of respiratory and systemic biomarkers in such studies is critical to determine the mechanistic underpinnings of the link between Western dietary patterns and respiratory health effects. Clinical trials have the potential to provide the strongest evidence of the effects of dietary modification on asthma morbidity and studies in the US population are needed given the radical dietary shifts that have occurred in recent decades and the increasing asthma prevalence. The benefits of avoidance of foods consistent with a Western diet pattern are well known for cardiovascular health; however, further research is needed to define the effects of a Western diet pattern on pulmonary, and specifically asthma, morbidity.
